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(54) Variable wavelength optical filter 

(57) In a variable wavelength optical filter, a lens (3) 
is positioned at the output end of a first optical fiber (1) 
and transforms an input optical signal to parallel light. A 
dielectric interference optical fiber (8) is located at the 
rear of the lens (3) in order to transmit only the tight of 
particular wavelength. A lens (4) converges the light 
output from the filter (8) into the input end of a second 
optical fiber (2). A rotary plate (7) is affixed to the output 
shaft (6) of a servo motor (5) whose rotation angle is 



controlled by an eJectric signal fed from the outside of 
the filter. The filter (8) is mounted on the rotary plate (7) 
with the intermediary of a piezoelectric element or ele- 
ments (9). The piezoelectric elements (9) are caused to 
oscillate by a modulating signal, so that the transmis- 
sion center wavelength of the filter is varied. The result- 
ing deviation of the transmission center frequency is 
detected. 
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Description 

The present invention relates to a variable wave- 
length optical filter for selecting an optical signal in an 
optical communication system. 

The key to large capacity, long distance optical 
communication is an optical filter capable of selecting 
any desired wavelength out of a wavelength division 
multiplexed optical signal, and of separating only a sig- 
nal wavelength from an optical signal buried in noise 
light. Particularly, a variable wavelength optical filter 
capable of varying the transmission wavelength, as 
desired, in response to an electric signal fed from the 
outside has been proposed and implemented in various 
forms. 

A conventional variable wavelength optical filter 
includes a lens to which an optical signal is input. The 
lens transforms the optical signal to parallel light. The 
parallel light is incident to a dielectric interference opti- 
cal filter. This filter is mounted on a rotary plate affixed 
to the output shaft of a servo motor. The angle of the fil- 
ter to the input optical signal is variable in response to 
an electric signal fed from the outside of the filter. A 
change in the angle of the filter to the optical signal 
causes the thickness of the filter to change in the direc- 
tion of optical axis, resulting in a change in transmission 
waivelength. Stated another way, the wavelength to be 
transmitted can be tuned by the electric signal fed to the 
filter from the outside. The optical signal selected by the 
filter is again converged by another lens into an optical 
fiber. 

When the above variable wavelength optical filter is 
applied to an optical communication apparatus, it is 
necessary that the transmission center wavelength con- 
stantly follows the center wavelength of the optical sig- 
nal. To so control the optical filter, there is available a 
maximum value control system which modulates the 
transmission center wavelength at a high speed and 
detects an error signal based on the resulting variation 
of transmitted light intensity with respect to a control 
voltage signal. However, the problem with the conven- 
tional motor-driven optical filter is that because the 
angle is varied mechanically the transmission center 
wavelength cannot be modulated at a high speed 
(higher than 1 kHz). 

It is therefore an object of the present invention to 
provide a variable wavelength optical filter capable of 
modulating the transmission center wavelength at a 
high speed. 

In accordance with the present invention, a variable 
wavelength optical filter capable of tuning the transmis- 
sion center wavelength by controlling the angle between 
an optical axis and a dielectric interference optical filter 
has a piezoelectric oscillation mechanism for feeding a 
control signal to at least one of the dielectric interfer- 
. ence optical filter and optics defining the.optical axis to 
thereby apply oscillation in the direction of the above 
angle. 

Specifically, in accordance with the present inven- 



tion, in a variable wavelength optical filter having the 
above capability, a light output portion and a light input 
portion are supported by a first support member, and 
define the optical axis. The dielectric interference opti- 

5 cal filter is supported by a second support member. A 
rotation control mechanism causes at least one of the 
first support member and second support member to 
rotate to thereby tune the transmission center wave- 
length. An oscillation mechanism or causes at least one 

10 of the first and second support members to oscillate by 
feeding a control signal. 

Also, in accordance with the present invention, in a 
variable wavelength optical filter having the above capa- 
bility, a light output portion and a light input portion are 

is supported by a first support member, and defines the 
optical axis. The dielectric interference optical filter is 
supported by a second support member. A rotation con- 
trol mechanism causes at least one of the first and sec- 
ond support members to rotate to thereby tune the 

20 transmission center wavelength. A piezoelectric ele- 
ment applies oscillation to between the first and second 
support members and the dielectric interference optical 
filter by feeding a control signal. 

Further, in accordance with the present invention, in 

25 a variable wavelength optical filter including a servo 
motor whose rotation angle is controlled by an electric 
signal and a dielectric interference optical filter mounted 
on a rotary plate affixed to the output shaft of the servo 
motor, and capable of tuning a transmission center 

30 wavelength, the filter has a piezoelectric element for 
applying oscillation to the dielectric interference optical 
filter in the direction of the above rotation angle by feed- 
ing a control signal. 

Moreover, in accordance with the present invention, 

35 in a variable wavelength optical filter capable of tuning a 
transmission center wavelength by controlling the angle 
between an optical axis and an optical filter, a piezoe- 
lectric oscillation mechanism feeds a control signal to at 
least one of the optical filter and optics defining the opti- 

40 cal axis to thereby apply oscillation in the direction of the 
above angle. 

The above and other objects, features and advan- 
tages of the present invention will become apparent 
from the following detailed description taken with the 
45 accompanying drawings in which: 

Fig. 1 is a view showing a conventional variable 
wavelength optical filter, 

Fig. 2 is a view showing a variable wavelength opti- 
so cal filter embodying the present invention; 

Figs. 3, 4, 5 and 6 are views each showing an alter- 
native embodiment of the present invention; and 
Fig. 7 is a block diagram schematically showing a 
specific control circuit using the characteristic of the 
55 variable wavelength optical filter in accordance with 
the present invention. 

In the figures, identical reference numerals desig- 
nate identical structural elements. 
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To better understand the present invention, a brief 
reference will be made to a conventional variable wave- 
length optical filter, shown in Fig. 1. As shown, a wave- 
length multiplexed optical signal propagated through an 
optical fiber 1 is introduced into the filter. In the filter, a 
lens transforms the optical signal to parallel light. The 
parallel light is incident to a dielectric interference opti- 
cal filter 8. The filter 8 is mounted on a rotary plate 7 
affixed to the output shaft 6 of a servo motor 5. The 
angle of the filter 8 to the input optical signal is variable 
in response to an electric signal fed from the outside of 
the filter. A change in the angle of the filter 8 to the opti- 
cal signal causes the thickness of the filter to change in 
the direction of the optical axis, resulting in a change in 
transmission wavelength. Stated another way, the wave- 
length to be transmitted through the filter 8 can be tuned 
by the electric signal fed to the filter from the outside. 
The optical signal selected by the filter 8 is again con- 
verged by a lens 4 into an optical fiber 2. 

However, the conventional optical filter cannot mod- 
ulate the transmission center wavelength at a high 
speed, i.e., at a frequency higher than 1 kHz, as dis- 
cussed earlier. 

Referring to Fig. 2, a variable wavelength optical fil- 
ter embodying the present invention is shown. As 
shown, the filter has a lens 3 positioned at the output 
end of an optical fiber 1 in order to transform input opti- 
cal signal to parallel light. A dielectric interference opti- 
cal filter 8 is located at the rear of the lens 3 in the 
direction of light propagation. The filter 8 transmits, 
among the incident light, only the light of particular 
wavelength. A lens 4 is positioned at the rear of the filter 
8 in the above direction in order to converge the parallel 
light output from the filter 8 into the input end of an opti- 
cal fiber 2. A servo motor 5 has an output shaft 6 and 
has its rotation angle controlled by an electric signal fed 
from the outside of the filter. A rotary plate 7 is affixed to 
the output shaft 6 of the motor 5. The filter 8 is mounted 
on the rotary plate 7 with the intermediary of piezoelec- 
tric elements 9. 

A reference will also be made to Fig. 3 for describ- 
ing the operation of the above embodiment. Fig. 3 
shows a relation between the rotation angle 6 of the fil- 
ter 8 to the optical axis A and a wavelength transmission 
characteristic. As shown, when the rotation angle of the 
filter 8 to the optical axis A is 01 . the thickness of the fil- 
ter 8 as measured in the direction of the optical axis A is 
D1 . That is, the filter 8 forms an interference filter having 
a cavity whose entire length is D1 . In this condition, the 
maximum transmittance is set up at a particular wave- 
length M . When the filter 8 is rotated from the angle 81 
to an angle 62, its thickness as measured in the above 
direction varies to D2. As a result, the peak of transmit- 
tance varies from XI to X2. This means that if the servo 
motor 5 is controlled by an electric signal fed from the 
outside, then it is possible to adjust the angular position 
of the filter, i.e., to tune the transmission center wave- 
length of the same. Further, in the illustrative embodi- 
ment, an electric signal for modulation is applied to the 



piezoelectric elements 9. In response, the filter 8 oscil- 
lates over a displacement of ±A0 with respect to the 
optical axis A. As a result, the thickness of the laminate 
film varies over ±AD in the direction of the optical axis A, 

5 so that the peak of the transmittance is modulated by 
the displacement AX. Because the modulation fre- 
quency band of a piezoelectric element usually extends 
as far as several ten kilohertz, it is possible to realize 
high-speed modulation higher than 1 kHz. 

10 Fig. 4 shows an alternative embodiment of the 
present invention. As shown, a support is affixed to the 
output shaft 6 of the servo motor 5. The rotary plate 7 is 
mounted on the support and includes an upright por- 
tion. The filter 8 is mounted on the rotary plate 7 via a 

is single piezoelectric element 9, i.e., cantilevered to the 
plate 7. By contrast, in the previous embodiment, the fil- 
ter 8 is mounted on the rotary plate 7 at opposite ends 
thereof via the piezoelectric elements 9. With the canti- 
levered filter 8, it is also possible to tune the transmis- 

20 sion center wavelength by feeding a control signal to the 
servo motor 5 from the outside. Again, an electric signal 
is applied to the piezoelectric element 9. As a result, 
oscillation is imparted from the piezoelectric element 9 
to one end of the filter 8, thereby implementing the mod- 

25 ulation of the transmission center wavelength. 

Referring to FIG. 5, another alternative embodi- 
ment of the present invention will be described. As 
shown, the output end of the f iber 1 and the input end of 
the fiber 2 are held by a holder 10 having a generally in- 

30 shaped section. Support members 13 extend upward 
from a wall 14 included in a casing. Members 1 1 and 12 
are affixed to the support member 13 in an inverted T- 
shaped configuration via the piezoelectric members 9. 
The bottom of the holder 10 is supported by the support 

35 members 11 and 12. The dielectric laminate film optical 
filter 8 is affixed to the output shaft 6 of the servo motor 
5 which is affixed to another wall 14 of the casing. In 
operation, the servo motor 5 is controlled to rotate the 
filter 8 relative to the optical axis A such that the filter 8 

40 is tuned to a desired transmission center wavelength. 
For the modulation of the transmission center frequency 
(displacement of ±A6 ), the oscillation of the piezoelec- 
tric elements 9 is transferred to the output end of the 
fiber 1 and the input end of the fiber 2 via the T-shaped 

45 members 1 1 and 12 and U-shaped holder 10. 

Fig. 6 shows a further embodiment of the present 
invention. As shown, this embodiment is essentially 
similar to the embodiment shown in FIG. 5, except for 
the following. The holder 10 holding the output end of 

so the fiber 1 and the input end of the fiber 2 is turned 
upside down and has its bottom wall affixed to a rotata- 
ble member engaged with the output shaft, not shown, 
of the servo motor, not shown. The filter 8 is supported 
by the support member 1 1 which is connected to an 

55 oscillation transmission mechanism simitar to the mech- 
anism shown in Fig. 5. In this configuration, the servo 
motor controls the optical axis formed by the optics 
while the piezoelectric elements, not shown, cause the 
filter 8 to oscillate. 
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. The crux of the present invention is that a vibration 
mechanism be provided independently of a rotation 
mechanism for varying the relative angle between the 
optical filter and the optics defining the optical axis. This 
effectively realizes both the tuning and the oscillation 5 
over a pre-selected displacement. In this sense, only 
the optics may be provided with the rotation mechanism 
and oscillation mechanical, if desired. Alternatively, both 
the optical filter and the optics defining the optical axis 
may be provided with the oscillation mechanism. jo 

Fig. 7 shows a specific control system using the 
characteristic of the optical filter in accordance with the 
present invention. As shown, a variable wavelength 
optical filter 20 includes a piezoelectric element or ele- 
ments, not shown. A modulating signal 27 generated by 15 
an oscillator 23 is applied to the piezoelectric elements 
in order to modulate the transmission center wave- 
length. The resulting output light of the filter 20 is split by 
a photocoupler 21 and partly fed to a photodiode 22. In 
response, the photodiode 22 demodulates the incident 20 
light to produce a corresponding electric signal. A multi- 
plier 24 multiples the electric signal output from the pho- 
todiode 22 and the output signal of the oscillator 23, 
thereby producing a phase error signal 26. The phase 
error signal 26 is zero when the transmission center 25 
wavelength of the filter 20 is coincident with the wave- 
length of the signal light. Therefore, if a control 25 con- 
trols the rotation angle of the filter 20 with a control sig- 
nal 28 such that the phase error signal 26 is zero at all 
times, then the transmission center wavelength can 30 
remain coincident with the waveform of the signal light. 

Claims 

1. A variable wavelength optical filter capable of tuning 35 
a transmission center wavelength by controlling an 
angle between an optical axis and a dielectric inter- 
ference optical filter, said filter comprising a piezoe- 
lectric oscillation mechanism for feeding a control 
signal to at least one of said dielectric interference 40 
optical filter and optics defining said optical axis to 
thereby apply oscillation in a direction of said angle. 

2. A variable wavelebgth optical filter capable of tuning 

a transmission center wavelength by controlling an 45 
angle between an optical axis and a dielectric inter- 
ference optical filter, said filter comprising; 

a light output portion and a light input portion 
supported by a first support member, and for bo 
defining said optical axis; 

said dielectric laminate film optical filter sup- 
ported by a second support member; 

55 

a rotation control mechanism for causing at 
least one of said first support member and said 
second support member to rotate to thereby 
tune the transmission center wavelength; and 



an oscillation mechanism for causing at least 
one of said first support member and said sec- 
ond support member to oscillate by feeding a 
control signal. 

3. A variable wavelength optical filter capable of tuning 
a transmission center wavelength by controlling an 
angle between an optical axis and a dielectric inter- 
ference optical filter, said filter comprising: 

a tight output portion and a light input portion 
supported by a first support member, and for 
defining said optical axis; 

said dielectric interference optical filter sup- 
ported by a second support member; 

a rotation control mechanism for causing at 
least one of said first support member and said 
second support member to rotate to thereby 
tune the transmission center wavelength; and 
a piezoelectric element for applying oscillation 
to between said first and second support mem- 
bers and said dielectric interference optical fil- 
ter by feeding a control signal. 

4. A variable wavelength optical filter including a servo 
motor whose rotation angle is controlled by an elec- 
tric signal and a dielectric interference optical filter 
mounted on a rotary plate affixed to an output shaft 
of said servo motor, and capable of tuning a trans- 
mission center wavelength, said filter comprising a 
piezoelectric element for applying oscillation to said 
dielectric interference optical filter in a direction of 
said rotation angle by feeding a control signal. 

5. A filter as claimed in claim 4, wherein said piezoe- 
lectric element comprises two piezoelectric ele- 
ments located between said rotary plate and said 
dielectric interference optical filter at opposite ends 
of said dielectric interference optical filter. 

6. A variable wavelength optical filter capable of tuning 
a transmission center wavelength by controlling an 
angle between an optical axis and an optical filter, 
said filter comprising a piezoelectric oscillation 
mechanism for feeding a control signal to at least 
one of said optical filter and optics defining said 
optical axis to thereby apply oscillation in a direction 
of said angle. 

7. A filter as claimed in claim 6, wherein said optical fil- 
ter comprises a dielectric interference optical filter. 
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(54) Variable wavelength optical filter 

(57) In a variable wavelength optical filter, a lens (3) 
is positioned at the output end of a first optical fiber (1) 
and transforms an input optical signal to parallel light. A 
dielectric interference optical fiber (8) is located at the 
rear of the lens (3) in order to transmit only the light of 
particular wavelength. A lens (4) converges the light 
output from the filter (8) into the input end of a second 
optical fiber (2). A rotary plate (7) is affixed to the output 
shaft (6) of a servo motor (5) whose rotation angle is 



controlled by an electric signal fed from the outside of 
the filter. The filter (8) is mounted on the rotary plate (7) 
with the intermediary of a piezoelectric element or ele- 
ments (9). The piezoelectric elements (9) are caused to 
oscillate by a modulating signal, so that the transmis- 
sion center wavelength of the filter is varied. The result- 
ing deviation of the transmission center frequency is 
detected. 
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